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QOEMo^E0 ^LLDY FOE »M0-coMi?aBif s M&GMET , mB mmm wm 
mmnmim them » mewd » mmmmiimim mm 

[0001:1 Tt^a i^reaent invention r^iate^ to a. nai:joeoj^^poslte 
magnst Incmding hard magnetic gl^asea aa(5 soSt m^gnBtio 
pha;s^s that haw wrf^ sm^ll sls!:a^ midt ti^at are mags^etleall^^ 
coupled together. 

[O©011 Reoentl;^, it tia^B b^csome mare and more naoes^ary to 
fiirtlier enfe;anoe the pB^tom^mia^ of ^ furtliar reduce the 

sx^e asid waiglit of. con^troer sie<2troai<5 appliances, ^^ffl^e 
apt^matioisi appliances aiid ^ax'ious otl»r tj|f|5as of electric 
eaiiipraBBt . For these purposes, a permaaeBt magr^et for visa in 
aaoJi of t^eae appliano^s re<joired to maj?imis^e its 

perCorjiianoe to welgixt ratio operated as a m^gTieltic 

oirduit , For a3:aj?i>ie ^ a pertifianent ma^riet with a ramar^e^oe 
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of T C^^sia) or mora Is ^ow in Ulgh &mmm&^ Ba^d farrlt^ 
ma^ga^ts \mmk um^& wl^elF hmcmme. imm^^tB of tkis type are 

raiati^aly Ina^^pexssiTe, However, tfce hard, fersrite magiiats 
omrmot Imsre tl:i^t Mgh remariai^pe Bv. of 0.5 T or more. 
[0003 3 Sm-Co feas^a magnat, proSiicad; bj a powder 

metalltargiaal proGess^ xa oorrerttly Mnowa as a tf^ploal 
parjnment magna t with tkat Mlgh reman enoe Bv. of 0.5 T or 
xmwB. E5£aiTjples of other hlgl^t-B^ magrieta laolmcla Md-Fe-B 
fea^^sS sintered inageet pmmcm fe^ a pow<Ser matallurglcal 
g^rocsss at^ Md-Fe-B baaed iju^nohed magnet produced by a 

^^Bit ^i^^ncJilag grocjess^ ^ii iad-Fa-P based ^Interact magnet o£ 
format: ty^o Is dl.^C3io3Bd In i?atent Dociamerit Mp* :for 
eKampXe, and an md-Fe-S based ^pei^<2*ied magnet of tlie latter 
tOT^^ -^^ disclose d in ?ataii*t Ooctii^nt Uo. 2, for Inatanc^v 
16804] However, tfete Sm-Co ba#e4 magna t Is escpensl^e^ 
te^^apaa 4ts mateiri^als and Oo are both eKgensi^e * 
to Q OS J As for the Md-Fe-B base^d magnet on the other kand, 
tite itiagnet is ma^lnly coingosM Of raiati^elj ±s«x|^en0xve Fe 
(t^l^ioally account; lag for sfeout SO wt% to abeut 70 wt% o£ the 
ov^erall magnet ) , a^d is rmcli leB^ eK|f0^sive thaa thB Bm^Co 
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e^islpt^Bt aa<l <p. great nOTiser of ^(MmBB steps are needed to 
separata an?! p^^^rify^ or to obtain by re<|O;Cti0a reaction ^ l^d, 
^ss^felals nmmi:i:f mmmmtB for alaotit 10 ati to afeoiit 15 oif tt^B 
isiag^rist* Al^o# a pow^m: hiatal ix^^gieal p^oces^ siomally 
r^tialx^ea; a reiati^elj large nimiber of pxoceas? steps fe^^ It^ 
Bat Bjre . 

It% 00t^^mBty tfee M^fai-E baaed. g;uer^<i?feed magB^st 
pro#^<2ad by a £?^eit <|Oi^^<:5felB;g pro^e^s oan be obtained tlir^i^gfe 
:^ela;tJ.wlY process ^taps? 0f ?:ijeltlx>g^ melt <p3:Bncj|iing 

a^^cl; i:ieat- treating ^ ^tos^ eojriparecl: to l^l<l-Fe-B teaseS magi^et 

gjseiiicsbe^ i^iagaet aaa be prodmoe^S at a lowac i^rocess cost* 
However ^ to ofetaln a peirma^e^t iMpiet in l>ul.k bj a melt 
<|i3^0Bclil^i:^g prooe^s, a boa<le<l magmet B;feosjil€ bs ^formed 
o<>?vpoor^dlDgi a mafpet po^cle^^ s?ia<le from a rapisily soli<iifle<i 
allo;^^ witb a resin btoder. ^ooordlt^giy* tfee magpet powd^^r 
lixarmaXly acoomts for at B^ost about 0@ volmne % of tbe HioXa:B<I 
boi^Se^ mgnet* Mlm^^ a rapMlj solidif ied alloy > far?^e€ bj a 



MBljt ^emmmg proae^a. is magnet iaail;^ isotrapd^Q. 

Wov tKese rea:soBa, Ht-Fa-B tea£?e4 q^enohe<i magnet 
|>»<t5i0ed fey a melt <|oeBOliiBg procesa lias a lower Ej, tham an 
anisotropic Md-Fe-B feared ^ints^ea; mageet prod^cec^ b^f a 

of aidSimg at iaa2>?t one element selected from t3ie groiap 
consisting of Sr. Mo. If. Ta aad W asid at least one mora 

element ^eleote<3: from tha groap ooxxal^tirig of Ti, ¥ aB<S Cx ±n 
ooafel3fxatlm effactiwlj ±H#ro^es the psropertlas of m\ tid-Fn-B 
feased ^oenelMd Magnet > Mien ttese elements are a4de<ix th;a 
magxiBt oan lia^e ItB ooerc^iv^itjr '^^^ aotiaorrosiveaess 
iacr eased. Mome^e^, the onlY liTOwn effective teclinlQua of 
improving tfee rsmaaeBoe % is incresaaing the a^nsltY of a 
l30Bd:eal magnet X l^ls^, if tlie ^^-Fe-B based <^ne^eliea magnet 
Includes at least B at% of rare- ear t& mlm^Bnty a melt spinning 
process , in wfileh a melt is ejected tliroiigia a xmzzlB against a 
cJiiil roller, lias often been n^ed In tiie |>rior art to g^eacji 
tfes melt at an Incr^a^ed rate . 

1^^009] As for cin Wi-F^-B fea^e€ qpencked magnet. an 
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irici:a^tiBg a m^r^s-eart^ alemeBt at a relatlv^if^ low pola 

pha0^ an Its mal^ p]ba^e, "S^ls pemaaeat t^g^at aatee^iai Is 
otetaiBe<J h^g tm^iMg mid orystalligjieg cm mmmphm^B ^llxr^ that 
lias bem prepared a melt qMaB^;isMiag proees^v Also,: ti^e 

crf:^talll^Bd material l^a^ a meta^t^l>3.^ ^trucst^^s ±h wliicfe ^t>f t 

which crystal gratos of verj small si^^s are distrlfeata^l 
f ioei^f aBd ^^nlforml;^^ as a GOj^oslte o<g these t^o ery^tallime 
pleases. Th^ref0:^e^ a is^agsiet from ^ocii a material tm 

called a ''lia^oo^^siipQ^lte ma^gs^ef * It wa^ rei>orts^i tJiat s^oh a 
r£ai£3^<>O05^^giO^l mag^at lias a reMaaesi^ce Bs> as high 1 T or 

wre. Bt;5.t tlie ooaroivitf M<,j tiie:^ao£ 1^ ralati^elj low> i>e.^ 
in tl^a range of 160 kA/m to 240 fcA/m. AcQordloglY^ thin 
permanent magj:iat rttaterlal Is appllcsa^le oi?!^ when the 
operating paint of tto magi^et Is 1 or tmri^. 

imiQ} It h^n be#a |>ro|>0ae<l that various metal ele^neiits l>e 



a:^?t^d to t^e material alitor ^ naBoeomposlte map^et to 
Improve tte magE^stic prop^sxtle^ tljaraoC. See ^^^terst Dooiam^nts 
Hc^S v 4, S < 6 ae^ 7, f or Bow^^^er, xione af tlias^ 

prap0ae<3 te0hiii<;j^eE are reliafele enough to alw<jjs reaLl^e a 
^:af f icient "cliaraeterlstic \ml\m per cost '* . More 

tfe^se t«Siql:it!il<pa^ reaiis;es a coe^cl'^it;^ tliat 1^ Blgk epo^gli to 
^0ti;3iallf' u^e it in varloms apjjlioatio^s v Tl^us, aon^ o£ tfiase 

l^feasea with gs^aia hisses o^i tkm ordar o£ sev^eraX taBs wa 
reported * i^ecordiiig to tliin t^^^silgue^ aiiiorp^hotsa fcsrt^ser Li^ 
Is a<M6j4 to a material allof". MsKt^ tl:^a maXt a£ tl^a material 
alloy xB q^e^ehee^ to ofetaiii a r^g^l«ll|^ ^ollSlfled s^lloy jmlnly 
oomgoaad of ainoirp&o^s |>l3:asea . tSfeaa tRe aliay ia liaatad 

ai?S crystallised ta iiuoleate art^3 grow both the HdsFei^B mM - 
Fe |)i^a^es Bi|miitamH>iiHlj. See NoB-Pcitent Dodtiment Mo> 2* 
fl^la arti^sla aigjo teaql^as tbat adding a re&?3Lotoic^ itiatai 
alameiit aucti as 1?i li^ a ^ary Bmall amoimt C^-S-> ^ at%) 



ma^gn:et pm:^o&mBO^ timt the mole fraatd:OB of 



to at% to re<S^O€^ tfe.e grain aises of the MtisiFeiP a --Fa 



to redace thB 



^iibleatiom 0t na^ii as K^Fe^^B^ aad Fa^E and to make a 



tecor4ii!3;3 to tliis teatoi<|aB, ti^e rapiSif ^oliiSifiaa alloy to 
ma^^ke a BaBocomgoalte magnat is greparecl toy a melt spinning 
prooe^a Iri ^Idh a moiteH ailo^ Is ejected t3^roi:£gli a no^^le 
OBto tfe su^rface of a cMXl roller that is rotating at a Jilgl:^. 



velocity V The fmVt BptimiM^ praoa^s omn be uBed effecti^BlY 



to mafe^i an amor|>l^<>us ra|>lcilY soiiclif ied; allo^^^ feei^sa^se a 



process of tliis tY;pe <giB spires e^tremalj high queriehing rate. 



10612 3 ill o^^^j: to overcome tl^e^e p^roblemSy tiie agpllcax^t 



in which Tl 



10 adcle<l to a eompositlon rang^e, isieltidiliig leisa 



tlxan 10 at% of raii^e- earth element and more tliaa 10 at% of 



feoroi^, si:i0h ttet tlie Btucleation of ^-Fe re<lisdad a^rlmg Wm 



compomid W±t]i an Es^Fe^.^E'-typ^ crY^tal structure Is Increasad^ 
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[6014] AceordiBg to tke convert lorial technlqiJB^ of 
proSociiEig a iji^noeomposite magiiet, fey aslMng T±, thB mxQle^a:tx<m 
mi^ e:H;ce^slve graia growth of -Fb during tba melt-gi^ienchlng 
p^ot^msB ami be ireduae^a micfe tfeat tbe magnet pert orma^-tce 
imp^rows slgnifiaantly * However, If tlie cQQling proaa^Sure 
^iiaageS the melt- f|aenchlng process , tiien the proper ties of 
the resultant nasiocomgjoslte ma§aet woulA oimmge^. In tliat 
case. It wooXd fee still 4if ficiiilt to pro^^ide aanod^^p^sitB 
magna ts with excel leiit ma;gxj^tlc properties con^stantly oii a 



lOSlSl In or^Ser to owre^lEe tlie pi:oblems described above ^ 
a grii^a^f object o;g ttie present Inv^siitlOB is* to gfrovide a 
Bas^ioooj^poalta magj^et tliat eKfeifeits as^oeilaat m^gB^^tlc 
l^ropertlesj constantly v 

10016] A aanoooHiposite Hia^net accor^lBg to tl^^^i pre^aBt 
iBveBtlo^ has a composition represented by tixe general 
£oo55^1aj Ss^QAC^^i^jsK^Je,^^ Ml^ere R Is at least one raxe-eartli 
elements Q la at least os^e element selected from the gro\ap 
ooqsslBtlpg of B ani C, M Is at Xaa^t one i^Btal alef?i^Bt tliat 
£?€ileota€ fJTom t&e group ceaslatln<| of AX, SI, TXy ¥, €r^ Mn^ 
Cu^ Bb, Oa, ^r^ 1^, Mo, Ag, , Ta, Ft, Aii and Fb and tliat 
al^a^s iBdluSos mid 1? is at loaBt one eleme^it seieete<J 

from tte g^roiip eo^jslstli:^^ o;f Co mn^. Hiv *riie mole fsraotl^^^ 
Y> ^ ^5^^ ^ satlaff tfee ina^ualitiea of 6 at%Sx<IO atS, 10 
atlfij^^'^ ^t^* att^2;S?6 at% and 0^m;SQ.S, rospeoti v^esl^r. 

nanoc;ompO0lte magaet bard magB;etlc pbase and a 

soft masjiietic pl^aae tbat are ma:gi^et legally oooplecl together. 
The fearS ma^ii^etlc? p^baae is s^^afe ot a;^ R^Fsi^-type co^poand^ 
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atii tte B^ft magnet ^mBB iBalu^es an a -Fe pliase Bx&d a 
<3r^^taXlt^e pi^asje ^ifeJi a C^trle tef^^rattire of 610 to 700 
BB its grsalB phases . 

[00171 In mm prefers: ed amfeo<3.1mei^t , 6 at%SSx-^8 at%, an^ 
the as^sta^lline phas^ iaclrf^d ±n the so^t magBetlc phase feas 
a Curie tesrrperato^re of 610 to 650 "C. 

|Q0iS] In aijotfe^r p^pt^t^Bd m^^<MmBnt, Tl aOGOunts for 
0x25 at% to 6 att of thB overall magnet* 

[00191 tn 0till a3:iother p;r^ferre4 eabocJxment, the coiiteiit 
of tb:e ^rfBtalilne pJmse IsioluSsd the soft magnetic p^^:aae 
is greater than that of an FesB-tYP^ compound, phase* 
10020] Xa 5fet another preferred eJTJho<aimoBt, the M^^Bi^B-t^^B 
compoimd phase has an a'^eii^age grain al;se of 10 rm to 70 nm^ 
an^ a sof t magnet lo pliase with ax) a^e^age grain s±zb of % nm 
to 10 iim la |>reaa0:t on t&e graiix hoiin^ary of the E#e:t#'-tYpe 
eoi^o^an,<l ptose. 

[00211 A rapl^lly solidified alloy aocorcUng to the present 
in^eotloTi XB kxbb& to make a laaiioco^oBlte magnet arid has a 
composition represBBtea hj ttiB farmiilas where 
E is at leasjt m\B rare-^earth element, Q 1b at ieaat o^e 
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i^^at OBB metal el^smes^t tfeat 1^ seieeteai fram tixe group 
^imBlBtlm o£ Al. Si, Ti, ¥, Cr. Mil, C^. Ib, Ga . ^r . Mfe, M0. 
Ag, Hf, I'a, Ft, aaci anS that a.lwa:fs t^olxt^^B and 
T Is at lea^t orie ^lai^tent ^electa^J ftxmi tMe group ooaslstlBf 
o£ Go m& Ml, Tfee moa.e ti^mttoMB and m satisfy the 

meTOXxtles of 6 at%lSx<iO at%, 10 at%SjSSl? at%. 0.5 at%^^ 
at% aad 0^m^0>5, reBpactiwlyv mo alloy Inalu^ss an 
%Fei4B-type C05?i>oiin^, aii ^ -Fo j?ka^e, arid a cryatalline p^ase 
wltli a C^^rla temper a tiira of 610 tlj to tOO t^. 
[0022] la one pre$orroa erifiboa:lmBnt . 6 atS^K;^a at%, 
tfea crysjtalllne pfcta^e Includad in a sof t iriagBetic pliaso lias a 
Corle taiiipBrat^re of SXO to 650 

100231 A m^tl^od of mklag a rapl#lj solidified alloj ^ 
material for a n;a;s^ocampoaxte T^japiat acoordlJ^g to th^ prasOBt 
Invexiitioii iricslitideB tlie steps ofi preparing a molten alloy 
ha:v^irxg a aompositloB represeinteS bj the general form^i^lac 
R-Q,M^ ( Fa^..^.^, J , ^sre R at least one rare-eartfe elai^e^t^ Q 
is at laast oae elemept salecte^ tram grottp oonslstisig of 

B an<i C, M is at least on^ trtatal i^lemex3.t that is selected from 
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the- gmm:p ^rnxmi^tMig p BX^ *fl^ ¥^ Cr^ Mn, Cu, Zn, 

Ir, Mb, Mo. Mf, Tm^s Ft, aaS Pfe ana that a^Iways? 

is^ol^i^es f Is at laa^t oi^a e3veMaat selected: from the 

gro^|5 oonBistiHg of Co ar^d Ml^ aad t^B mole fraotioBS z 
and m ^atlaf^ the l^e^miitiaB of 6 ^t%^5£^8 lO attSyS 

X 7 at t . 0 . 5 at % S5 ^ ;S 6 at % arid 0 ^ m ^ ^ ^ 5 , respec tively y m^i^ 
<|uerj.cfeia3 ti^e f?soitaj^ allof^ i>Y hriMglm^ the mioltairi alloy Into 
conta<:st w±&\ tiie s^^irfaoe of a rotatlrsg chill roller , tlier'aby 
foxiBing a rapidly solMifi^^ alioj* Tl^s^ atep of (|t3t^ti<5hing 
iinoit^des a<l jt5.atln<| a ig^eocfelng rate wltJila tlie ras^ge of 2 * 2 X 
tQ^ K/b to 2v§ X 10^ K/b whBn tHe Burfao^ tesiip^r^ture of tlie 
alloy (tecrea^BB from S^OO "C to 700 t^. 

[00241 teotfeter metlioS of sijaking a rapidly ^oll^lf iad alloy 
a f^r a naaoooHipos^lta magB^st ac0orSlsi9 to tl5;e 

alloy ha:v'i!i§ a CjCHiipoaitlo^^ r0|?ra0ai^te<l by the geaeral for^mlas 
R^QjI'l^.C Fe^..^l^) j^.^,. , w&ere E Is at least orie rara-- earth mlem^nt , Q 
is at laaat one ele^te^t sel^otad f rom tHe fraup co^^istlng of 
B aad M la at lea^t OT^e metal ele^et^t tJ^at xb seie<5t^d fr^sm 
tlie gro^i^ oonsistiBg of ^1^ Bi^ Tl^ Cr^ Bn, C^^ Zti, Ga^ 



&Tr ^b. Bo, -^g, Hf, l^a, Ft, hn mnQ Fb ana tJiat always 

±Bcl^#a0 T at least one el^sae^t aeleoted froxe tlie 

^^romp consisting of €o and Mi^ and tke mole fractions z 
m. satisfy the loe^uailtles of B at%<5£<X0 at%, 10 att^y 
Sl7 at%. 0.S at%SsS6 £^t% a.nd oSm^O.S, TBBpBCtlvBlj , ana 
queoclixr^g t.h^ molten alio^ by brliiging the moltea allOY Into 
coHtaot witfe tlie sp-irfaca of a rotating chill roller, tlvareby 
foxmliig a rabidly soXidifiea alJoy. The step of Q^:£eBOl:ii.ng 
Inclu^aes aajiistiag a qiianehl^ig rate within the range of 2*2 X 
ID^' K/a to 4*5X10^ K/s wRsB tlie surface teo^pexatare of tlie 
alloy decraaeas from 900 ''C to 700 "C, 

10025] Iii 0^:58 preferred embodi£Mji:^t ^ ths st^p of quencklng 
Ipcliides adjusting a quenahlng rate at 4.0 Xio^ or more^ 

whea the surface tes^iperature of tlie alloy dacreaseB from 

1,300 to 9m "C < 

quencfeiag is^Glneies mafelBg a orystalliae phaBa, iBclucied lix tlm 
rapidly ^ollclifleS alloy, account £or inora than 50 vol% of tfee 
aatlca rapidly solidified alloy ^ 

IQ021] A method for produoiiig a x^anooomposlte magnet 
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to tMB pm^smt l^mm^l^on Includes the steps of 
maSci^g a ir^apMlj soXiSified aXlo^ by oub of the m^tiio^ls 
tesorlfcaa afeow. and tliarmally treat ixig ttoa rapidly 
HolMlfled alloy, thesrafey tom^m ^ umiooomgosiXB ^truoter^ 
willed hm:^ magnetic phm^ <>f aTit H^Fex^B-t^pe coi^|sdunia and 
soft magiietlo fha^sB , consistiBg 0ssentially of an a -^Fe phase 
and a crsrstalXlBB pfease with a Ctarie temperature of 610 V. to 
6 SO "C^ are mafeatlealiy ooupleS togetlier. 

[0028] A decissioB metiiod for a Banocomposlte magaet 
acooi?<aiB3 to the present iBventloa Incl^^des the step^ ofs 
praparlr^g iroltlpie rapi«lls^ solidified ailajs materiala for 
a B:ai^oao??iJ<>slte magnet, aaqh said alloy havii^g a compai? It ion 
represented foj t&s f^Mxlas where R is at 

ie^gt oiie rare-ea^rtl^ ^lememte Q is at least o?ie element 
selected from the g^oi^p ooxi^i^tlisg of B and M is at laast 
on^ metal elenjant tliat Is seieoted from tl\B groiip aoiisdBtl.n0 
of Al, Si, Ti, ¥^ Cr, Mii, C^^ Zn, Ga, Er, ^^fe. Mo. Ag, Hf , Ta, 
W, Ft, An and Ffe and tfeat always includes TL, T Ib at least 
oiie slemeat seleeta?!! from tijte <$rimp consisting of Co and Bl, 
a^d tlie TKole fractiaas arid m satlsf j the ineguallties 
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respeatiwlYr determisilng wiiether or not a 

rap3.dlj soliaif lea allo^r to mak^ a xiaBooomposita magnet , wl:iiQi:i 
lias beeo selactacl f3?om tim mxl^i^lB rapidly soliaifiea alXoj^s, 
iBQlti^e^ a sof t magnetic pjiase litav:lJ50 a Curie tamparatiire of 
610 to 7S0 t^. 

{00^91 Xb OBe psrefe^r^a ^ffiifoodlMeBt, 6 at%^ xSS8 at%, aad 
tks <3rys tall ins gi:^ase xi^cludad xb tlie sott ma^BtXc pliase ba^s 
a Curie temgeratiire of 61.0 *C to 650 ""C . 

[00391 I^^ anotlaer pr^sf^rre^ emboai^r^ent , the BtBp of 
a^etarmfiing inoltidt^s ^i]ibje<stiilg the. rapiaij sollciifisa alloy 
to mafee a nanooomposits iHagnet to t^i^ermogravlmetry * 
[D031J Another lianooomposite magi^et aocordlng to tJsB 
^resaxst iav'sntioji Iri^^s a Domposltion represented thB 
ganexal f^rmelas '^JQ^^i^^i.^^}^;^::^^ ^are H ±b at laaat otxe ra^e<- 
eartfe ei^imejit^ 0 3.^? leaat one elamss^t seleeted from the 
group oon^l^ting of B mid €> M ±b least ona metal element 
t$iat Balloted from the grou|) consisting of Al, Bx, Tl^ V, 
Cr. Mb. Cu. in, Ga. Ir. Hh, Mo, Af, Hf , Ta. Ft. and. p|> 
anS that ai^'<rays IncluSas fl, aiicl T is* at leaBt oiis elemaxit 
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sa3.^Qtea from t&a g^otig consist log of Co Mi. TJis mola 

10 at%v 10 att^gSy^i? a.t%. 0.S at%^g;^6 at% and oSmSO,5, 
reapBGtivelf . 1?Iae tiaaocsomposlts magnet iacii3:<Ses a b^nrd 
magnetic gs&a^e aacl a soft magxiet±<3 piiaae that are iHageatlcally 
qp^l^led togetliar. har^ ^ag^etlc phase is made of an 

R^sFex^B-t^pe oompoiirtncl , mi^ tfee soft magrjetlc ph<^se iBoio^^^ an 
Ci^"Fe pfease and ari Fe^B pixaaa as its main pMases . 
10032] In ome preferra^ ^Mfeo^imeiat, 6 at%Sx^a at%. 
[0033] MmtMBT rapiolY solidifleiJ alloy according to tke 
present indention Is also Bsed to make a naHDOompo55ite irmgiiet 
ajia has a oom|>ositioB reprssenteS fey tMe seneral formiaia? 
B^Q^MaFa,.,,T^)j,^j. v?here H is at lea^t OBa rare-eartli elament, Q 
Is at least cms eiemeBt seiecte^i froBi the groap ooxislstlag of 
B ana €, M is at least o^e met^i aXem^nt that is selected £T<m 
t±m groisp coiisistiog of Sly 1?!:. Cr, M^, Cu, ^n, Ga, 

Sr, Kb, Mo, Ag. Hf, ^a. Ft, to aiici Pb aoS that always 

imotoda^ Tl, anii T is at least one element selected from the 
gx:mip consist Ir^g Co and Mi. Tlie mie fractions z 
m& ^ satisfy tfm ip0<3ualitie^ of 6 at%^x<10 at%, 10 atf^yS 
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i 7 at % , 0.5 a t % ^ z 6 a 1 1 and 0 ^ m ^ 0 > 5 , r e sjpee 1 1%? e ly ^ The 
a pkase and an Fe^^B ptose , 

[0034] In one preferred e^mfeodlsT^ent , 6 atf^ssSs^B mt%. 

10035] AoooxMMg to ti^e present liwention, nanooompOBlte 
so^^Bets, of wfeicih tfea p3n:3pertles are close to thoBe pr^a^letsd 
theorafeically . can be masj s -- pro disced a t a good yle lS. 

[00361 FI0> 1 Is a cross "SeiC5l:±onal view scbematxcailj 
lll^ustratij^g hem to perform tfeoOT^gravimetry ^ind^^r a magnetic 
field . 

FiQ* aCa) is a grap^ ^l^pwing an eKsmplar^ resi^lt of the 
tliermogra'^^'iimstx^j onder a magnetic field and FIC^. is a 

graph sfeowing the saoond derivative Y of the ai^rve show:n la 

FIG. 3(a) iH a graph showing ^feigfet variation ctirves of 
v^rlot?s rapldlj solidified allocs iinfier a magris^stlo field, 
^ileh had been formed with t&e surface velocltf of tl^e 
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chill roliei: ohai^3e<l wimii^ the rariga of 3 m/B to 20 m/s, m& 
FIO, 3tb| XB a grapli sliowlng walgl::it ^ariatioB curves of 
mmmcmm^^l^^ ma^aets uiicler a magx5eti0 field, whicli w^ere 
ototal^iad by thermally treating tfe^^se rapi.dly solidified 
alloys* 

FIG. 4 a grapfe showing the weiglit variation omrves of 
ti^e rapidly ^olltiiflea alloys obtatoe4 at surfctce ^eiocities 
¥s of. 7 m/B, 13 m/^ and 15 m/B. 

S ii> a gragfe sJiawlng the secoEid ^derivatives of the 
res^sctlv^e weight varxatlOB curv^BS sl^ami in FIQ. 2 . 

FTQ. 6 (a) ill^astratas an oveirall arr^angesaent o:^ a melt 
a^iaxiing machine for use in the present invention, and FIG. 
6Ct>) illiastrates V on a larger aoale^ a portion of the machine 
wJier^ tJ&e alloy is rapMly c^ooled apd solidified. 

FXS< 7 is a graph slmwtng raplS cooling procediiires in 
^itisatlons i^liere the roller surface valocitiesj ¥s are Qfeangecl 
from 5 m/B to 7 ib/s. 10 m/B, 13 m/s and 15 i^^/s with the 
pressure of tlle gatmoapbere f l^eS at 1 * 3 kPa . 

FIS- 8 is a graph showing, in further detail, tlie rapid 
coolixig procsdiir^es in the range where the alloy surface 



FIS- $ Is a a;tew^tog tim cooling procs^ore In a 
¥0 of 13 m/^. 

Fia. it is a grapli ^Jiowteg tMe rapM cooling prooed^ires 

of specific e3C^?^ios of tM^ presant iawattop a^^s^ a 

FIS* 11 1^ a 0rap% ^ihwli^g tUa second ^derivatives o€ 
tliaCT^O9^ra^lm0trl€ emrv^ea for a^^^oifio e5£a;^:ple^ oi tkm prmBent 

FIG* 12 is a grapM sliowiisgr the ijiaximm OBorgiy pro<i\^Qts 
(BHIjasss o€ s^^olficj e^camg^les of th^ present Iti^^atiOB and 

FIG. 13 Is a g3i:a^l"s ^l^owiag tlie seoors^ cfe^iwtlws af tfea 
thax^^T^^ogra^-lmetric o^rws o£ ariother specific mmmplB of thB 
pr e 1 1 wen 1 1 0a . 



10037] llif, ab, 8b and 9h atmospheric gas Inlet port 



2a> and 9a gas oiitlet port 

3 melt or^oible 

4 reservoir 

5 teeming xiozzle 

7 rotating chill rollar 

21 m^lt 

22 alloy thin strip 

Blgf M<>8;S igj Hf^lMf ion 

[00381 In an R^^^i^B/Fa^B based jia^ocoMposlte magiiet 
IpoliJdlng iBSB than 10 at% of raira-e^rt^ almsmen t R snoh as 
and 10 at% or more of B {hoton) , If T% Is addea to It^ 
material alloy, the niicle?itlGa ax^d gx^^wth of -Fe can be 
oontrollad mi& the wl^Jtme p^roentage of R^Fei^B^type 
compouiid cm be Incsreased in tl^^ l^apidij solidified alloy to 
be made gueneklng a H^oltea alloy v Amorpfeo^iis pl^ase^^ 

xaclud^3d in such a rapidly solidified alloj iti which tlia 
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pi?ef ^r^ntlallj ai^^ris^g tte rapid tsaoliBg process^ will be 
CirjstalHEed feri:ng <x hmkt treatss^ent process to ba carried otit 

IroB^feased fedrldes of vex^y small are <Sii5tri.l>uteci on the 

grain bai^ndary of tlie Ra^^x^^^type compound. Is reali^gjeS. 
1 0039 J ^hosa wry small lxoB-l>aee<S feorM.esf oi:i tfee grain 
teoonclarf^ are magnet icallY coiiplad to tlie B2Fajt.4B--tjpa compoun<5 
via e^^Qhang^ Intesfaatiosis? apd play an iir^portant role Ixi 
e:j?:SiifeitliJig e5s;ceileBt p^rop^rtles as a nahoccmposite magnate 
Tl^at to say. tb;a properties of a nanooomposite magiiet are 
chaagiaable with TOt only t&e sxmm of ti^a E^jFex^B-typa co^g^poiinS 
phase btit also %^^ltfe tlia magMtlo properties an4 si^.eB of the 
iron-feased feoride on tlie grain feo^H<lary. 

[0040 3 MeanwhllB^ tlie xianoary^talli^ne strnctisre of the 
reei^ltant iian0com|>oaite magnet <iepao<is li^eavily oxi the flae 
str^etij^re of tMe rapld.ly sollfiifiea alloy yet to fee tliermally 
treate<i, wtilah In tprn el^angas slg^if iaaBtly ac<:3ordiBg to ti^e 
oonditions of gaeno^hirig the 5B0ltan ailoy. Tliat iss why to 
ij^a^s-- produce nai:^oco^posite imgnet^ wltii a^^eelleat magnet 



am&i^'tlom ars^ tfee fine stx^dtx^^e of the rapidly ^soii^aif led 
allDj shoold fee elBaidated. mich has not yet bean aane 
B^ooeissf tilly so f ar . 

[0041] T!is present In^eators aisooverea tliat bj defining 
tUB mmmosttlon ot th^ material alX^y within a particular 
ran^e arid ogtimiislixg t^e fueit-<suenchlng conditions, a nowl 
i^aiiocompositB ?aagnet struat^^re^ wlilah hm.^ been knowD to nofeociy 
in the art* ooi^l<3 be ofetalixe^^ thus aoquiriBgf the basic Idea 
Di tlia p^B0^^t iiweiitiorx. 

100421 H^sreiBafter, a Hiettood for producing a naBOCornposlte 
magaat acoorSing to the pre seat Invention will be deacritoed* 
1 0043 1 Firsts a molten allor leaving a composition 
represented fey the general foirmala? ^M^^(^^i-^sJ^>^i 
prepares. In tixls formula, E 1^ at least one rare-eartlit 
elements Q la at least one elsme^t aelectad from the group 
consisting of B and H is at least one metal aliment tl:iat ±b 
seledted from the ^ro^^^ip corisiatiag of Al, Si, Tl> Cr, Mn, 
Cu, Zn, aa, gr, Nfe, Ag, . Ta. W. Pt, Au aaS Fb and that 

alwaifs Includes fi, T ±b at lea^t one element seleoted froM 



tim moim ooTisiatli^f of Co and J^i, ^nd the mole tr^otlous 

£^ ana m aatlsfy th^ ipa^ialltiea of 6 ^i:t%2Sx<10 att, iO 
at%;^y^i7 at%. 0*5 at%^s;^6 att aoa O^m^O.S, respect i^ely. 
[0044 3 me rare-earth element E preferablY locluaes 
si^sfestaD^tlallj no La or Ce, beo^^ass if La or Ce were included 
in the rare-eartii elements the Goercivity aiKi tiis loop 

st^naren^ss woalci botSa cieorea^e. Eowe\?^er, the magnetic 
properties ^iil not be affsotad so seriai^^sly If a very small 
peroent^ig^^ (i^B.y 0*5 at% or less) of La or Oe is Incliided 
an inequitably oontalnad im^tirity. More specif ically^ R 
preferably ij^cl^ades Fr or as an inaxsgorisafole elameiit, a 
portion of whicli May be res^iaoed witk Dy a^od/or Tb. If tbe 
mole fraction k of E were le^s t^an 6 at% of the overall 
magiiet^ tfeen tbo com|>o^^ pha^e with tiie RsFe-^B type crystal 
Btrueture, wliloh is needed for realising tiie coarcivity, wonlxi 
not crystallls;e ai:£f f iclesitly and tfee ooerclvity H^^c^ would 
deorease significantly* Th^xt xb wby the lawar limit of the 
mole fraction x of tba rare -earth elemeBt E is set to 6 at%. 
Om tfie other l:iand, the npper lij^it of tbe mole fraction x of E 
is set to 10 et% and the mole fraction y of Q, consisting of B 



ana/or C, Is ^eftoed so aa to f^li witl^itk tl:ie r^uQB o£ 10 at% 
to li at%* fhis Is becjai^^e If the mole fractions x and j fall 
out of tiMsse raLXsges^. ^ or^r^talllne |j|:j.ase with a G^rle 
temp era t'o.re of 610 to 700 t!* to fee (described lat^r coul<3 
not orSfBtaXli^e. 

1 004 S J The metal element M tl^at maj be aMe<l aloag with 
to aoi^leve various effeota is arbitrarily sel^ete^i from tli^ 
g:roi:^p qonBlsting of Al, Si, Cr, Mil, Cu, %xi, Qa, Zr , , Mo, 
Ag, HI;, Ta, Ft, aii^ Fb. 

10046] If thi© mole fraotio?^ z o£ tikm xmtal ^lem^Xkt U that 
alwajj^ iBoli:ides Ti wmxB less than 6>S at%,. tten tl5:a afeova 
effe^ots woui4 BPt be a^feloved fully e¥mi tlioi:igh 1^1 1^ adcio^. 
^i^at is wl^^Y tl^^ mole irrgiction. ^ nee^^ to be at leant 0v5 at%. 
However^ if this metal elei^ii^t M were a<M04 too maoh, t:kei^ an 
03£ltle f ilm wouia Ise f ormal wi^ils a fEelt of the i^teirlal alloy 
is prepared « tfeus making It difficult to melt ti^a alloj jiist 
an inten^lea. In a<l41tioi5, the magBetlEatioa of: the ExFei^B-- 
type ooi^ou^d p^asse (Ive., the h^rS magnetic pfea^e) woi^lS 
deorsaBa, Fisr the^^or e > a feoirlde phas^e with an aKcessiw large 
grali^ sl^e woBio feB pro<luo^cl 1?^ tte resultant nanocomposlte 



j??^gTset tQ deteriorate tlie i^a^Sietlc prof^ertle^v CoB^xderlrsg 
tiiess^ pota^tiai iHcas^ walences ^ the mole fraotiaa e Is 
prefsrafely at most 6 at%, Tl pre^erabij adeoaats for at least 
8. 25 at% of ti^a overall alloy a^d at least S9% of tJie metal 
el^P^Bt M li\ t!hB a:tomtoltj ratio. 

10047 3 If tJie atomicity ratio m of Co a!i<l/or 811 to 
substitute for a pox^tloB of Fa €j:?<£cee<S^<2 O.S, tlma t&^ 
magnatl station of the E^F^i^sB- type oompo^B^ pimse ^o\3;l.d 4eoreasa> 
For tJiuit reason, m 1^ set so as to ^atl^fj O^mS^O, 
[0048] Accor41r*0 to the p^resent lawntlon^ a molten alloy 
luwiiig tbtB aompositloB ^eacrjbed above la xapl€iy cooXeii anS 
ssoll€ifled by a melt-guei^cfelng macalae^ tiaerebj making a 
r^pl<|l3? solld:iflad[ alloy. Thla ra^id cooling proai^aa i^my be 
oarried out usl^g a kfeown molt-guenchlBg madhine sucii as a 
melt spimin§ ^^aofeltie or a ^tx-lj^ caster. Aocarajng to tJie 
melt ^plasilng method y tl^e melt Is g;i:^o^ohe<3. hj e;|eotlHg t^%B 
molten alloj throa#:^ a no^isla towarel tt^e surface of a ckill 
roller* 1?he chill rollar 1b turning at a predetexmlneS 
s^urfaoe velocity ¥^ i^ithlt^ a red;uo;ad preBstire atJtioaplier^ ^ 
Tlai5s^ the molten alloy tliat lias b^aii ejected toward the 



mmtmm d€ t&e cfeill roller mo^es xn the direction de^f iTxe^ bj 
tile mxtmm v^elocitf w&iie im^xng its kaat diss i©at eel Into 
tlie surface of the Qi^ill roller an4 tlxeri leav^es tl^e surf ace of 
tlia alii 11 roller. Aftar tl^at , tfee mlten alloy is ^ub Jecte<i 
to secoMary oooliBg in the atmosphere a^d tlian collected as 
elomgatad rifebons. On tfee other hand, i.f ti^a melt is qusaohetl 
by a strip sastiag |>rooess^ tfee molten alloj prefarafely 
coataot^ wltb. the sorf^ce of the ohilX roller by wajr o£ a 
tiibtilar chatoal. 

C0O4f j tn the rapid cooling px-oce>^.^;< the sux^face of the 
molten alloy that is abotit to contact with tfea chill roller 
may ha-^e a temperature of afooiit 1,250 to abDi:^t 1,650 
for e^a^^^ple, Diiring a very short period of ti5??e (of about 
0.5 to about 1.5 mB) het^eesi a point in time the moltan 
alloy at snch a high temperature eontaot&^ with the sxirface of 
the chill roller ancl a poliit in time the r^^oltaa alloy leaves 
the chill roller y the molteB alloy is rapidly cooled and vary 
small crystalline pha^e^ and tMelr px^ecursors start to appear 
In tiie alloy* .^^cooriliag to the present Inv^entlon^ the 
ciuencixlng rata is? adjixsted witbij'i the range of 2 * 2 X lo^* K/a to 
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4.S X 10^ E/s tto ^m:^^^ temper a tiire of th;e alloy 

decreases from 900 to TOO Suriag this ra|>ld cooliritg 

S at%<CK<siO at:%, tlie <|i3;0nc&l3^g irate Is acli^asted to tl^e range 
of 2.2X10^ E/s to 2,gX lO-^ K/s. a^Jasting the mmrnMlmg 

rate witliXB stich a narrow r^?-i>ge during the rapl4 coollBg 
p3mc0ss^ tJae flpe ^trnotere o£ tlm rapi<llj aoildified alloy 
0a?i be optlmissedx 

i69S0| Ip a prefBrrad a5£#o^im6&a t , tfee queBCl3.1n§ rats Is 
a(IJitste<S to 4^0X10^ o^r wore wS^aix tfes ^^:srface tampe:rat^ire 

of tiie allo^ dacraaaes frcm 1,300 to 900 clearing thB 
rapl<3 coolxBg process v T&eo^ tJie fin^ s t rise t pre ol: t^e 
rapidly solidified alloy cam fes furtlier stabill2s<aid and 

[0051] performing tha rapid oooXlng process ^cinder these 

oon^iltionis , aot only ti^e SsFei4B-tYpe 0O^po^i:^d pfease (hard 
mafnetlo pha^^^e) but also a totally x^aw, aaknoij^i^ nax^ocoit^po^lte 
mapmet strt;icture , whlcfe ^ill e*\rej:^taally in<:jlufe ari. a ^Fe phase 
and a orystalline phaae with a Ctirle te^^iperatwe of 610 to 
700 (or 650 or less depending oi:^ the allof coj^osition) , 



are formed ii^ tli^ ra.p±&Xf solidified alloy a^ririg tlie irapld 
cooling process. me latter oTjmtuLli^:m pjiase will sometimes 
be referr^sl to feorein as m ^ #i)^ase" , T&e present io^sntora 
prasiime this ^ pJaaae to be an Fe2B-tYpe comi^omiG please (aa a 
stable phase) . 

10052] It was believed tliat if a molten alioY l^^mrxng a 
compositioti ^alectaci from a wide range > inctocliag the 
compos It Ion of t&e present invention, was rapidly coQled by a 
conwBtion^i method, tiim resultant naBocomppslte magnet would 
include IMsFe^aBa pha^0 < FeasBg phase aixd/osr Fe:^B pfe^^se as iroB'- 
based borlde^* Howe"yer* nobody h0.B svor reported that s^ach a 
naaooomposlte mags^et ineltiiSea an Fe^B phase* 

The present iweatorB dlsoowrad and confirmed via 
a^parlments that a partlcijlarly good nanocompoHlta magnet 
cmild be obtained when tlia rapidly Bolldlfled alloy wasi f oojiad 
tmdar ^^Eoh eonditions a^ to mal^:ily produce the phaea^ not 
the Iron-based borides (Ejetastable phases ) , of which the 
presence had alrea^dy been pointed out In the art . We made 
this dlsoovery by artaJj^ing in detail the coBstitiient phases 
of "farlmiB types of rapidly Bolldlfied alloys, which had been 



far^^a witl^ rapid cjoollng Gon^itioBS ohai^ge^, 

m^mm^:x;:miMmtx:Y xmder a jriagiistlc fiaia <=aB€ by elwiaatirig the 
correiatloo feetween tim rapid ooolxm ooBciitloas (liiQludli^g 
ooDl±Bg Mlstory or cooling pt^oce^iarei an^S tiae rapiSly 

H^reipafter , tfta rapl^aif- solidified allojr ^truottira 
of tlie prBmmit invention, wfelck was analys^ed. by tlie 
thei:mogra"^i?£mt uBdar a magriatlc field, will be descrifeeS. 
FXrst, tfee therj£$ogra^imetr^ ^a#er a magnetic fl^ld will he 
^^^erlfeed; witfe ref B^eixce to FISS. 1 2 

[065Sj Fia, X is a oro^a>- sectional ^lew sc&amatioailY 
lilmstratijag how to perform thBrmogra^imetry wtieir a mag^ietle 
flsldv According to tl^^e tbermpg^pa^imBtrj unciar a magiietio 
f leM, a sa^la Is a^rang©<t Isi a mg^i^tlc fieM p3::^oa:ooed by a 
magiiat a?i^ its weigkt %s tmmm^B^. if a f B^grromai^ietic feo^ is 
iji tlie £5a$$?ple, tixe sample will be magnetized by tiie 
magnetic field as^d aufejectsd ta ^Sawnward magnetle fo3>:oe. That 
la wlxF ^Jie weigbt of ^tjdJx a sample measures feea^ler tba^i its 
act^sal wi#it. If tjie ssaj^ie ha^ its weigiit xmrntmrn^ while 
&eing heated, tMea ttia teji^srattires , at which tfee oon^tit^ient 



phmeM of tfte ^imige^ finom tlie ferromagnetic ^hase Irxto 

a pa^r^a^a^ineti^c phmB as tim fe^ipsrat^re iEoreaa^s (i.e.. tM^ 
Ci^rie tempsrat^ras I omi toe sei^ised. Conseei^eritlj* to^ 

cail<?iilatingr t^^^e variation iJi l:fee wai^t of the Bam|>le wlfeM tjie 
teiriperafct^r^. the Curie te^Hperatiare^ of tha 
c^isstlt^esil: piloses ia^sio^ea in tS^e 0am|>le can be meaHiarsd. 
Stated otiierwiss, t5:^;e ooristlt^^at pi^a^es can fee laentlfj^aa ty^ 

[00561 FIG* SCa) ^ grapli slfiowlBg atx B^emplMrf result of 
tJ^e tlieCT^ci^§3^avim^^ HB^er a ^agBatxc field, Ib FlG. 2(a) ^ 

ra^rBse^ts tfee tem|>era.tiire^ FIG. 2(fe) shows tb.e b#ooix^ 

aar^i^atlva ¥ of tii^e cur^e mhomt in FIG. 2Ca|. The Curie 
tempera oorlra^poii^s^ to ^ ^otot whtoh Y" ^ d while Y* 
<Mm^0 from neg:ati^e 4i$to go^itlw mtk t&a incJi^e^se lj> 
tei^e^^ttii^e X. 1^0 eiii??iBat:e measuring erroirs^ Ji6we^ar, 
c^liariges of tli^ ciir^e Y*" are aaaljfJS^S only when the local 
minimum ^^^lue hBoomBB -B.QQl [t/'^^j or le.m^ in tfe^ vicinity 
of the potet ^l^ere T"^8* 

tten the is^pia^ly j^oll&fled^ alloy of tlxe prem^nt 
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m^gti^tlo field, tlie €^i:^ie t^^pp^^at^re^ ware sp^tt^S at al^cmt 
310 , afeaut S30 , mm ^omt 746 . I'l^a pMass l<te^tl€ie^ 
fej tl:^i6 Ciirie t^mpe^Tcit^^^e a^^out 310 la tfee H^Fex^B phase* 

to ) wo^xld l:>e tl:^a F^a^B plias^ described alcove. 1?he 

partially re|)laoe€ witli Tl. 

FIG. 3Ca| ssii^^^^ weigfet ^^rlatloxi Gu^0s of vario?3.s 

beefe f with t&s^ s^^£a<se ^loolt^ % of 1:13^6^ ofeiil roller 
ofearig;^^ mtfeiii Wm rm^^^ o£ 3 m/s to 20 m/s. FIG. 3(lb| stows 
wel-gSt ^ari^^tlon oo^^ves of nati0<2om|>0alte magosts mi^l^r a 
?£ja0ji;atlc f lBld^ wfei^^h ^er^ o1:>taine4 I? j ti^'^mally t^satli:^.^ aad 
ar;?at^lli2slBg tfeo^a sollMf allof^ at 700 £or 5 



^a^le weight tl^e ^^olssa ^^mmm^B tMm sample 

t^si?5|)^ratare . In Fl^SS. SCa| ^^^^ 3(1^1* 1£km r^ispaatl^s left e?i<i^ 
o€ th^ ci^^ws be arawB at: the g^aime Iwel but are 

intei^^tioiiallj shMted ^eii^txeallf^ feeca:i^^e It wc>i:sl:Cl fee dif f ieislt 
to i^tei^ti£2f ttioBe f^^oim ^sch otiier wimn o^erIa.pped 

togeitrh^x, "the ^:^?^e ^t^t^ent will apgl;^ to FI^SS* 4^ S^^ li aiid 
13 to toe referB^d to later. 

[00S9i Iss cae oe seen from FI<*. 3, if the roller sur£ao€i 
wlocity ¥0 wa^ ralati^sl^ low^ tli^ la^-fl^lsl w^^igS; vaxriatio^s 
mr^es liar^llf oteBgeS before mx€ af ta^r the l^eat tr^atmatit 
|5r0oess>s was oartri:e<i s>?i^t tmr mrfBtaJ.l±^at±mi psirpossBS. fhia 
means that the fine str^otU3::^es o€ the rapi^igr saii#if le^J 
allo^r^*^ whiah haS been fommd. at a relatiwlj iow rolla^r 
sXi^r^£a,oo ^elossit^ <il^ not oitaage signif Iqaatlj ewa aft^r 

hwlhg^ gos^B th^o^gh the he^t teeatm^^t pr^ooasss for 
c^ystaXll^satioB* ^l*hat is to saf , whaa the roller sur:faiOO 
wioalty "^si was low, tl^a ei:^js?talli:satioo a^l^^anee^i cleri^^g tlie 
rapl^ OO0lla<i pro^:^ei^Bv fhus, it dati be seen tb^at c^atalXiBe 
phas»a0 t^are alrea^^ preaa^t at a ^uf:€ielasit-lY higfe j^eroeatage 
the ra^l^ly ^oliaifiB^ alleys b^fere the alleys wer^ 



[8060 3 Qxi tMe other i:taE<i, tfea^ roller surf aea wlocit^ ¥0 
was relatl-^elY iilgh. tl^a xn-fisld weight variation epr^es 
chai^ged Blgalf icjantly bafo^re ae^ after the heat treatiuerit 
praoeas . Thls^ m^mm tliat if tlie roller sorfacs wloclty ¥^ 
was kigih^ rapi<liy solidified allojB incliiding a lot of 
amorp^oos phases ^ere ofotaltied and erf^atal.li£;e<I a result of 
turn lisat treatmas^t process for crs^stallissatloBv 
[906X1 FlGv 4 ^haw^, on a larger ^oale, tlie weight 
varlatl;Oi3i ouri?aa of the rapl(31y salMifi^d alloys tMat w^re 
obtained at surface velocities ¥s of 7 m/s, 13 m/s and IS m/s. 

aaa fee seen from FIG. 4^ Ju^t by olia^steg t^tm roller 
sw£ace velocities ^ss from 13 m/s to 15 mjB, thm profiled 
repreBex3itin0 tl%e^ the^iogra^li^tric ^^;riatiOB:s isi the ma^aietle 
flel^ cli^rxfe^ sigBlficantl/^. 

[6062J S show^ tfee secoad de:riv^atiws of tlie 

reapeQtl¥e wexgi^t yariatian ourv^ea. for a aaH^ple that was 

mads at a surface wioolty ¥s of 13 m/s (rapres exiting a 
specific example of the present Inv^eritio^i) , a phase haviag a 
C^iri© temperature within the range of 610 to 6SQ {ive.y 



tMm ^ ptos^i was ideri^if i^^dv On tfee otfeer hartS, as for a 
^^pia tfeat was Ena:Cl:e at a sm^tm^B ^elootty ¥s of IS m/s 
Cpep;£^Bseriti,ng a comp^r<3^tive a^am^>le) ^ no <a) phaae was 
1^0j^;fci^^ied feut 3ome variations &viB to tha l^ieat gB^ara;t;ed hy 
W^i^m^ crystal lis?iin;g were ofeser^esa. AoS as f osr a sample tlia:t 
ma<Je at a ss^teface ^eloeitj ^s of 7 m/m ir^^^Bm^^tng 

identified. &s C5cin fee neeii, oBi^? wl;iaB tHe gt^enciilng rate 
fall^ wltBlH a partlGiii^ir range, a^rliig tfe,e rapid eooiing 
pi^oce^a * more ^ p!ia tii^ii F^^B can produced > 
[00631 As fes<3rllt>e4 al>ove^ a rapidly solidif ied alloy for a 
^a:^o<3omposlte magi^et aocordiBg to tJie greseBt imveiitlon 
oila3?acterl^ed I>f iBdl^dli?ig is^t oivly feard magnetic MdgFei^B 

piie^e but also ti^s soft mappatio Ct) ph^sB alre^df^, altefeioUgii it 
is still a rapMis^ ^oll^ifle^l: ailoY> fesiSe^ tlm W pfease^ 
CiC ^Wm phMBB aaa otfeer iron-Sasea borid^s such as K^g^e^r^B^ 
pliase> Feji:$Bj> piiase and /or Fe^B pliaea m^y l^e liicludBd as^ sof t 
itiag^etld pMaBes. In ^nj oa^e^ li^we^er^ tfee iS^) pliase laee^Ss to 

tli^ ma^^ritj of the Iroxi- teased bori^a^* 
[0064 3 d^teotl^g tfee Ctirle tamperaturea of tfee 
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tlj^xiEi00i:^a^±Hiatry i^n^er a magnetic fi#ld S©scrifee<l ah0VB, it Is 
possible to wti^^tlieir or mot the x:a|»i<llf solidif ied 

allm^B ka:v^ f «>llo^e£| a proper cooiiBg procea^re to pra^ict 

Is mix"^ to m^^^B-psrod^ae m^B<>cp]Era§ioalte magnets, j-mst hj sampling 
^pme Oif tMe rapilij sollSif iad alios^s ofetainea ^^i3ia> subjecting 
tfeem to tMB t^m^^^W^^MmtTY imSer a Magnetlo flelSy ooXy 
irapi^If: s^l±€ifled aJt:^oys tliat Haw follo^eS tMs proper 
codling procj^tere Qaa te^ a^a^ced; to tte rx^sct pro^aissii^g; step. 
On tkm other tend, the rei^ri:^!?^^ re^pislij solidified alloys 
tiiat are regar^isci as not ka^lag foliDwed tim pro|>©r OQOllng 
procedure just i50o€ to fea xnelt^d a:n^ raplSIy cpoled ag^ln. 
[006Sj| This fee ion on the pr6:p%r eoolirjig proce^i^re eaix 
sm^e ibf ^ete^mlmipg wila tiler or not tfee gi'^en r^pl41^ 
solidified allos^ It^altidiSa a or^^stalllai^e pfeaBe {l.Ov, pteae) 
Ma^lag a €u^ia temparattara of #10 to 7QQ (^hiah may be 
6 SO o]^ les^ S^-|?eji#liig OB the alloy eomposltloi^) ^iMoBt: 
my Fe^B please » 



Ms5£:t, a jsoliess^atxo ooa^lg^C'atioii for <i melt BplBaiBg 
ma^fel-5^e will be tesorifoea wltli x^a^feiraxica to FIOU. 6{a| and 

£0067] Tfets ma;Gh4n# Bliowm ±n FIG. 6 li^oiodes «t^rlal aXl^^Y 
melting dpai:>cj^3..Bg x^m^^M 1 2^ la wSilcli a va^sei^m or 

iBert atmQBpli^re is mciintaiBa€ at adjtistafola pressure. 
Specif ica;lly, FX(J. ^im) llltiatratBB mx 0vm:aXl m:^T^mgBtmnt of 
tim mmshiMB^ wJille 6(fe> illustrates a portion of tl^^e 

jtecHitie on a larger soale. 

lTiolt^*3;es ? a melt c^uelfeie 3 to m^lt, at elwat^^ 
t eraser ^t^ire^ a mat^^fel^al ^0 tl^^t teas M^mn mi^mS^ to iia.ve a 
aasiiE^^a ma^gnet alloy GO^pt^^itio^i a re^er^oir 4 wltti a 
teamlag n^^zX^ S at tl?^«^ bottom? and a material feeiier S 

to s^appl^ the mixes material ii^to tlie melt cruGible 3 whlXs 
maliifcaiBlng an alrtigJit cori;<3:itioii , Tlie rBBm:^Q±x: 4 stores tiis 
melt 21 of tfee material alloy tliereio and is pro-^i^aeS wltii a 
l^is^ter (not Bfeow^i) to maisitalii tlio temperature of tt^a melt 
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QliM^fe^r ^ i.Bal;o<|es a rotating c^ili raller 7 for q^^ei^diaiiig 
an?| S0ll«|lf yiiig t^^^^ melt ai thm.t i^^^e^m dripped tiasrougk tfee 

tfe^a melting ang ^fpencfeing ci^m?ifeerB 1 aBci 2 are ao^lirolia^Xe 
witt^ia pre^crlfe6i<S rasigea* For tl:$:at purpose ^ atm0s#l:^aric gas 
iBiet i^arts ato Bfe am4 out let ports? la^ aa mi& 8 a are 

particular, th^ gas omlet pc^rt Zm is oomaci^teii to a pismp to 
cDntrol, tfe^ afefifoiute press^3::^e inside thm qijmmhXmB ohm^hBi: Z 
wiMilm a. rai^ge of 13 kBa to tl^€i aormal prassixre (l>e<« 

[O^I'QI iB^lt ci^udsifel^ 3 aiia^? ^efijie a Si^slr^a tilt angfle 

to pot^r tfee m^^lt 21 thro^igJi a forjrjt^^l S ±nto tl^e ir^s^r^olr 4. 
ms ^alt tl Is lis^tad iia tlie rsBer^olr 4 fej tl^^e beater {not 
0Mmm } <■ 

f 0071 J Tim teeming not^l:^ 5 of tae re^erwlr 4 xb 
positloBe€ on tfee l>o»^ar3r wall l>etwee^ ti^e i^el^tlog aj^<S 
que^ckina cfeamfoers l aad: 2 to ?3rig tfee malt 1b tixe 



r<^aer^0lr 4 o^to tlie sm^Maxm of t^*Si cfelli roller 7^ whldfe Is 
looate^ u^^a^r tlie r^oss^la Tim orifice aJuamatar of tiie 

teemlnf rios^Ele S may ba Q.S i?^ to 2*Q Him, for example , If 
the vlHcoBltj of the melt; :23. ±s high, than the melt 21 oaaisot 
flow througH tJie te^emtog mm%l<B S easily. Ib thla eml3^^:me^t, 
how0Y^^T, tiia preBB^re li^slde tfee g^^iaBoMag dhatrsfeer 2 1^ kapt 
Xower tfian the p2;:^0gsi^3v^e liiBld^a tha meltlog ei^ai^feer 1* J^s a 
reeiilt , an a|3p:x^0priate prea^urs f e^renoe is oreatea between 
tMe tEieltlng b^bM q^;£6ncMBg efeaitifoara 1 em& 2, ancJ the aielt 21 
ami fee te^etil ssMOOtl^l^* 

1 007 2; J Tlie chill roller 7 Is preferablj mm%^ of Cxx, Fs or 
ail ailo^f lnc5lu#iBg or Fe^. If tMe ohlll roller ^ere made 
of a ma;tejrial other titan Cu or Fe, tfee ressultaTit rapidly 
^all^aMl^^ allaY poiilci ^ot ooma off tfee chill roller easily 
an4 migS^t fee wom4 a:roi;^nd the roller, Tfee clxill roller 7 may 
iimre a <ilameter of 300 iBm to 560 mm, for i.BHtance. The 
water - coo ling oapafelllty of a water cooler groviSad ins^lcle the 
chill roller 7 Is calo^ilated. and; adju^feS feased oa the latent 
teat of BOlldif icatloH and tlie volume of the melt teeiitea per 
unit time* 



[00731 gareiBaftarr specifics a^x^^i^^ea at th^ ^mme^t 

[00741 i) 

Iri a i:ir^t ^^atM^^ emm^l^ of the i>reseB;t Its^^eritlon , a 
xtiolteT3t alloy ^a^i^§ ^ 00^osltioB liS#riF^b^a3i.s^i4 wa^ g?:5»cl^ea 

makxx^g a ragidlj soiifiif iad alloy tl^e skcxge of a ril3fl:?on 
witli a thxctee^^ §0 ^im to 130 ^lie melt wa^ tessEieci at 

a i^resa^re of 30 fcFa aaS at a t^mpeirat^sra (malt ^qrfada 
t^s??p^rat^i^^ > of 1 ^ Ttm t emperatt^re of tfea ?»1 ts^ alloy 
^as maasa2:e4 03;> an iafrai^^cd tl^esrmal i.ma§€irj* 

<^mm^iMg cfeam&er a^:^ ti^a sm^fao^ ^r^lodtY ¥^ of tfee rotating 
<^fe;ill roller. Mo^re spe<3if legally , tJxe surface ^-aj^ooitf ¥s of 
tl^e^ chill roller mas wair±B& wittela the raag^a of: S m/s to 20 
m/^ la tika atmospl^ara heaving pras^i^ras of 13 kPa, 3.3 kPa arid 

C00?6 | FiQ< 7 Is a ^m0i showing rapid cooling p^^oc^a^tM^ea 



jLe ^itmtiosiB ^ere tlie roller mm£m^^ v^eloaltles ¥^ 
ahm^m^ from 5: m/s to 7 m/s, 18 mi^s^ 13 m/s IS m/s with 

feh^ prasaii?^© of tl:^e atmoagJl^ia^:^^*^ fij^ecl at 1.3 1^Ba > In tkxs 
graph, the ordiriate reprisals tMe allor s^3rfac?e tempeirature 
^3 mea^iored oa an infwa^rad; tls#rmal imagery aa<l tl^e afescil^^sa 
r^itpr^^aiits tfee amomt: of time |sasBe€ ste^e tlie jm^t was teem^S. 
The rEO:ite^ ailoj ap<l ti^s o&ill rolier keep aontaot wltli eac3i 
Dtfear for iiist 0.001 s af ter the melt tean teemed. Duriag 

that short contact ^erlo^a. tl:ie alloy mm-^m^ tentpemtmr^ 
pl^^pm^te^ to 700 or less . 

1 007 7 J FIG. 8 l3 <i S^a^pii ^howl^0. In fwtlier detail^ tiie 
rapia CQ0llBf gi:^o0eatiraB tl^e xa^nge ^ere the allo:^ sp^cf a^e 
temper at ^ctra drops steeplsf. The only dlf f^^e^'^^c^^ betwesB this 
graph asxa that sho^ $m WIM. 7 Is tfea scale mi the a^ls of 
afes^qissas represesitlag the time. cjan be sBmn oleaa?^ from 

Fics* 7, tim q}imiChiMg 3rate wh±lB the all^j mirf ape te^^ratiire 
drops f rpm SGG tlJ to 706 C±.#> , the absolute vaixie of tlie 
gxa4l0nt of the <mrw^l <iepe^#s on the roller surface i^^loQltj 

1 007 S3 FIG . 9 sjhowa the o0oliB§ prdoe^iare la a sltoatloh 



femrlng a p^^BBwre of 1.3 kPa c^t a s^^rfaoe wlo<3lt^ ¥s of 13 
Mlxen tlie molten aliojf is aje^t^t^ oato tJ^m ctilll rolJ.^r, 
a poSSia Is footed on t:ke r^tatlxig chill roller. Wm moiteo 
alio J Is drawn t^<m tim p^d^le^ movms along with tlrie ^^c^llar, 
an<$ 00 on lear^e^ the surface of tte rolleir* In ¥JM^ the 
xesp^ctl^e jstages of the r^g±<| aooiing process are assimilated 
wltii tl^a ooollng praeefere. Sgeolf loall^f , the period In whloh 
the mDltaa aXlo^ ternperati^XB teojs^^ from 1.300 to 900 

s^afc^staBtlallY c0ri:as|»o5!xSs to tibe^ period ia which the molteix 
alloy 1^ dr^m from the peddle, while th€i period iB. wtilcix the 
maltei^ alloj temper atiira <ieoreasas5 from 3Q0 to 790 C 

almost: corresponds to the period iii ^loh the ml tea alloy 
Bta^B op the roller. 

|007ti FIS. 10 la a gmph s^hom^g the rapiS ooollfig 
p^^^ooecklres of specif ic e^sajBples of the preseat in-^ention and a 
oomparat i'^e eKampla . 

I; 00801 S^i^ples Mos. 1 to 3 re|>reaejit specific oxa^le^ of 
the ^rese^t M^^ritxosi an4 had go^eaching rates; of 2.2 Xi§^ K/s 
to 2.8 X 10^ K/s when the alloY mm^^oe temperature arog^^^d 



£mm W& ^ to 70© - Speelf i^aliy, tl:je3a smml^^ ware 

Sample mo. 2 5 a. 42 K K/aj and 

[«B1] the otfeiBr :feand, wl^en the allof ^mrface 

ten^e3ra:tore of Sasuples Hos. 1 to 3 aroppad £r0m 1^300 ^ to 
900 t3 , the <|\iepol:ti:Bg w^re always iilgber than 4.0X10^ 

K/b . SpBoSfi-cailyy tlieae sas^jples ware ^tsenohed at 5 

[0082] Meanwiille, Saii^la 4 repress eats a compar0;ti^ 

ass^pl^. Bm^>lB Mo> 4 ka^a a ^^owofetof rate of ateopt 
K/b wlmn tjia alla^r st^rf aoe teiiipe^^tp^^ dropped from to 
700 a^<| a ?|oeiiclilng rate of alsoi:it 4.SXiO^ K/s the 

aJ.loy ^iirface t«pe3::/atiare Sroppea from 1,36& to 900 t^. 
tOOSSl Masct, tfe rapidly wiMlfiad. allo^j^sj that ha^i feeea 
^03?mai€ 13Y ^arioiis ooaixji^ ^roaeB^es were Bixfejeeted to 

tha^ogx^a^lHi^try on^^^er a ^ag^^tlo fieia. The results are 



Bhmm ia FI^. Ii> ^icli whows smm^ deriv^ati^e corses for 

atmosphere at a pressure of 1 . 3 kPa wit h tl:);e roller 

s^r^ace wlocslties aliangre?^ wl&in thB ra^ge of 3 m/s to 20 m/^v 
Xa fc^i^ graiih ^si^own FIG* 1%^ tiie cmrws? assocj^ated wltii tlie 
roliar mmtm^B wiool'ties of 10 m/^ ais4 13 m/^ r^^r^esent 
spaclt le essarr^plea of ti^e f reaeiit iwen t Ion , while tl^e aixrves 
associates witk ti^e roller ^i^rfaoe veloDltles of 3 m/a^ 5 m/s^ 
7 m/s , 15 m/^ and 26 m/s repraaei^tt ooHsparatii^e e^aniples * As 
cMi me^mu from FIG> li^ if tfee roller avirface ^elooltY is 
XoWy not only the gfli^a^e feiat also Fe^B an^i Fe^^Bis are 

produoecl. At rolier s^rf^ce ^elooitlos o£ 15 m/a axitS 20 m/Sy 
when tlie sample temperature exaee€e€ 6SQ during the 

tS^ern^^gra'^lmetric? varxatxc>0 msiSer a i^agnetlc field » Ab a 
result ^ the second derlTatlvs cujrve also haci a small peak^ 
whioh <Soes iiot oorresspoBds to a Curie tempera t i^re , though. 
TJiesrefore, If the roller st^rface v^looity were too higJi^ ao a> 

[00841 Mextp the r^aplal^j ^ollSlflaS alloys were thermally 



nammm^oBiXB mag^^efe^ we^e aiwi^^at^d. Tfea ra^iilfes are sixown 
1b FICI* it* Its oaa 1)^ 3eaa firr<5i?^ tlie gra^l^: la FIG* 

tl:^^ i^axiij^^m es^ergf profeotB {BE)«v^3j of specif ic essamples tlie 

C0#E5J alHo la FIG. 12, tl^a l0w<sr the roiiar 

Ttes^ it cai^ be seen tl^at tlie gia;|pet pm^Q:mmxiOB €eelli^e^ if 

Ib a eecoiid. specif es^sSMple of tfep giresant lH:veBt1-Q0 , a 

afea^e a rll>l!^<:ia witfe. a t^mlm^BB o€ SO to 130 Mm< 
rapid eoollag oaiiSlt-ioiis reaisltarit eagnet parf orma^^asi are 

Table 1 are tl^e san^a a^ those aet for the first specific 

[00871 IfiaMe 1} 
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iQQBB} FIG. 13 is a grajife sliowiog tte ^^oond elerl-^ati^a of 
tlie tl^^rmograYimetrlc cur^e^ of this apeolf Ic e^aitipiex 
COOe^J The phasa pro<luGea in tfee rapiaij sol±€ifiaa 

aiioy of th±B sgseiJlo es^a^jple im^ ^ Cteie tempat'attira of 
&50 to 700 . This Cor>ie temperattira is high^i: tbm^ Wmt 
of tlie ^0 pfiase of tiie fir^t s^edi^lc g^xai^tple ^tixe to tfee 
cilffe^ancse in ailo:^ composition. One of the reasons? wi;s:;|^ ti^e 
C^srle temgte^ratii^re of tlie <B pj^aee of this sp^^tcific e^samgle 
falls within tJm range of 6S0 to 7 BO ""C wquIM he tJie 

atMltion of Co . 

100301 ^0 oan l>s BB^B, Curie tamperati^is^^^e of the o.> 

pfe:as€i 1^ ci^ang^efeXe mthin the r^j^jige of 610 to 700 tj: 

aoqorSing to the allo^ compo^ltipa. fJewrthalass^ wfcarit ina^e 
liSiiSor Bmch rapid oooling co^iditions as to piro^^^iasi th*gs a> 
pi^ciBB^ every magnet slio^fed excel J^ent properties > 



{00^11 k: BTOocorspoBite inm^ilet aad a metbod for pro#uoiiig 
tfee mag[i^et aoesordlag to the pr^seat invstntion oaii foe iisad 
eff aati-v^aly 1b a teonSe^d magnet, for escampie. Also, a 
deaisloB Eii0tii04 accsorfii.^^ to the present lavantlon mafees it 
posslfeie to predict the pm^^mtftmnoB of tlae rssultant 
naBOOompoBita mag:neit wtmm t^e magiist Is ^stili a rapidly 
solidified alloy, tl^us coi^trlbnting to Increasing tlae 
gro#Ej:<:tiOH yieid: ^ig?i:if IcaBtly at factories. 
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